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Abstract
Extracorporeal respiratory support techniques have

revolutionized the treatment of respiratory failure,

allowing the maintenance of vital functions in patients

whose respiratory system cannot function adequately.

This study explores advancements in these

technologies, with a particular focus on extracorporeal

membrane oxygenation (ECMO). ECMO is an advanced

system that oxygenates the blood and removes carbon

dioxide outside the body, providing temporary support to

patients while their lungs recover or stabilize as they

await a definitive treatment. These techniques are based

on a detailed understanding of transport phenomena in

biological systems, such as gas exchange and fluid

movement, which has been made possible through

biomedical engineering. Moreover, the discipline shares

an ethical commitment with medicine, promoting equity

in access to these solutions. This analysis highlights the

importance of ECMO and related technologies in the care

of patients with severe respiratory failure, emphasizing

the role of biomedical engineering in designing devices

the simulate essential physiological processes to save

lives.

METHODOLOGY ANALYSIS & RESULTS CONCLUSIONS & RECOMMENDATIONS

Extracorporeal respiratory support has become an

essential tool in managing respiratory failure, offering

effective alternatives to traditional ventilation methods.

Among the various emerging techniques in medicine,

extracorporeal membrane oxygenation (ECMO) stands out

for its ability to provide adequate oxygenation and allow

lung rest in critical situations such as acute respiratory

distress syndrome (ARDS). Understanding and evaluating

new techniques, particularly ECMO, is crucial for optimizing

respiratory failure management and improving clinical

outcomes. With ongoing research and technological

advancements, new methodologies and improvements are

expected to emerge, expanding treatment possibilities and

saving lives in the process.
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INTRODUCTION

One of the areas where biomedical engineering has a

significant impact is in the study and application of transport

phenomena in biological systems. These processes govern

the movement of fluids and the transfer of gases within the

body, which are essential for cells to receive oxygen and

nutrients while efficiently eliminating waste products.

Understanding and replicating these mechanism in medical

devices is crucial, especially for technologies designed to fulfill

vital functions, such as the gas exchange that naturally occurs

in our lungs.

Among the latest techniques for treating respiratory failure,

extracorporeal membrane oxygenation (ECMO) stands out as

one of the most advanced. ECMO is a device that utilizes an

extracorporeal membrane to oxygenate the blood and remove

carbon dioxide outside the patient’s body efficiently when their

own respiratory system is unable to do so. This type of

support is particularly vital for patients with severe respiratory

failure, as it allows their lungs to rest and recover or keeps

them stable until they can receive a definitive treatment.

Thanks to biomedical engineering and the detailed study of

transport phenomena in the body, ECMO and other

technologies enable the development of effective solutions,

ultimately saving lives in situations where the body requires

external assistance to function properly.

FUTURE WORK

OBJECTIVES

Evaluate and analyze the use of extracorporeal membrane
oxygenation (ECMO) as a type of respiratory support for patients
with respiratory failure.

Understand and identify its components.

Gain knowledge about its management and care.

• Development of more compact, 
lightweight, and portable ECMO 
system.

Size adjustment 

• Development of more 
biocompatible materials for 
ECMO circuits and membranes.

Biocompatibility 

• Combination with other 
respiratory support modalities.

Hybrid therapies

• AI will enhance real-time 
supervision, anticipate 
complications, and auto-adjust 
ECMO parameters for better 
stability and gas exchange.

AI and 
Automation
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Extracorporeal Membrane Oxygenation (ECMO) is an

advanced respiratory support technique used in cases of

severe respiratory failure, allowing blood oxygenation and

carbon dioxide removal outside the body when the lungs

cannot perform these functions efficiently. The ECMO

system consists of a closed circuit with a centrifugal pump, a

membrane oxygenator, and cannulas for blood drainage and

return. There are two main configurations: veno-venous (VV)

ECMO, used exclusively for respiratory support, and veno-

arterial (VA) ECMO, which assists both pulmonary and

circulatory function. The selection of ECMO type and

cannulation approach depends on the patient’s clinical

condition, prioritizing a balance between respiratory and

hemodynamic support.

Managing ECMO is a complex and delicate process

requiring constant monitoring, as any system malfunction

can endanger the patient’s life. Key factors such as blood

flow and CO₂ removal must be closely observed to ensure

adequate oxygenation without complications. Additionally,

since ECMO is an invasive system, there is a risk of

hemorrhage, infection, or thrombosis, which could worsen

the patient’s condition. The weaning process from ECMO is

gradual, assessing whether the patient can breathe

independently without compromising stability.

Although ECMO is a life-saving intervention, it also presents

significant risks, such as cannula displacement or clot

formation within the circuit, which could lead to embolism.

Fortunately, technology continues to advance, making

ECMO safer and more accessible. Innovations include more

biocompatible materials to reduce anticoagulant use, more

compact and portable devices for emergency applications,

and intelligent systems that automatically adjust parameters

to optimize patient support.

Figure 1. Extracorporeal Membrane Oxygenation 

(ECMO) (The University of Queensland, 2021).
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